Introduction
Fe-Cu alloys have become the subject of intensive experimental and theoretical studies [1] [2] [3] [4] [5] [6] due to their applications in giant magnetoresistive (GMR) devices [7] [8] [9] , which make them good candidates for sensors, and their unique properties (magnetization, coercivities, unusually strong magnetocaloric effects) usually unattainable in permanent magnets [10] mainly caused by the insolubility of the components with each other at room temperature [11] . Therefore, many methods of preparation of such CuFe alloys, typically produced as massive specimens with the use of mechanical alloying [3, 4, 12] have been widely investigated, and much attention has been dedicated to following the formation of the FCC solid solution [13] [14] [15] . However, there is much interest in thin films, which is partly due to a prospect that layering can be used to modify the material properties or to obtain new properties which are uncharacteristic of their bulk forms. In the present work, we combine the mechanical alloying process and thermal evaporation of a nanostructured mixture powder to form thin films. First, we report on the experimental method. Then, we present a detailed study of the microstructural properties of Cu 100-x Fe x powder mixture and thin film deposited by thermal evaporation on a glass substrate using the elaborated nanocrystalline mixture. a way as to obtain a nanostructured mixture and to form a solid solution of CuFe, which corresponds to 30 h in Ref [17] . The microstructure characterization of the synthesized material was carried out by X-ray diffraction (XRD) with a Panalytical X'pert Pro MPD diffractometer using Cu Kα radiation (Kα= 1.54056) and scanning electron microscopy (JEOL 6360) equipped with EDX analyzer and VSM (Micro Sense) for magnetic characterization.
B. Deposition of CuFe film
CuFe films were deposited onto the well-cleaned Corning glass substrates using thermal evaporation method by resistive heating. An Edward Auto 306 evaporator was employed using the CuFe supersaturated powder in a tungsten boat with the distance between the substrate and source being optimized to 50 mm, at 1.10 -6 mbar. The films were deposited at room temperature without heating the substrates. Then, the structural properties of the deposited films were inspected by GIXRD (Grazing Incidence X-ray Diffraction) technique using a PANalytical X'Pert PRO with CuK α radiation at 45 kV and 40 mA, And a transmission electron microscope (FEI TalosTM F200A). Before the transmission electron microscopy (TEM) observation, a focused-ion-beam (FIB) micro sampling technique was used for preparing cross-sectional TEM specimens from a plan-view TEM specimen. The samples have been thinned to be a lamella of about 60-70 nm, which was preferable for TEM studies. The surface microstructural properties have been analyzed using scanning electron microscopy with focused ion beam (SEM-FIB) (3D versa). Fig. 1 shows the morphology and the particle size of the Cu 100-x Fe x powder for different compositions after 30h of milling. A new population of large particles appears; This is probably due to an increase of the local temperature at the particles level and also to the formation of MA aggregates [16] . During high-energy milling, the powder particles are repeatedly flattened, cold welded, fractured and re-welded. This process increases the chances to get a homogeneous mixture. The X-ray cartography of Fe and Cu elements in the surface particle and the Energy Dispersive Spectroscopy (EDS) analysis (not given here) reveals iron particles dispersed within the copper particles and exhibit a homogeneous distribution of Cu and Fe. The initial stoichiometry was conserved after 30 h of milling and no contamination was found even from the material constituents of balls and vials (Cr). The XRD patterns of the powder mixture samples of CuFe which are mechanically alloyed with different composition are compared in Fig 2. We note that powders after 30h of milling exhibit single phase FCC. It seems that the peaks of the BCC phase disappear and the intensities of all peaks are reduced and their width increases as a pure element. The decrease of the intensity is attributed to the progressive dissolution of Fe atoms in Cu upon milling [7, 17, 18] . The Cu peaks shift to lower angles indicating that true alloying has taken place during this MA process and an increase in the distance between lattice planes is observed, this is due to magnetovolumic effects of Fe atom [9, 10, 19] . Fig. 2 . X-ray diffraction patterns for the Cu (100-x) Fe x milled powder.
Results and discussions

A. Cu 100-x Fe x milled powders
As can be seen in Fig. 3 , by an increase in the Fe content of the samples an extra increment in lattice parameter is obtained. It should be noticed that the lattice parameter can be different compared with other publications [4, 20] . This is related to the milling parameters and energy transfer in the vial. The broadening of the diffraction peaks is related both to the reduction in size of the crystallites and to the introduce of stresses during milling. The integral line width β is given by [21, 22] :
where D is the crystalline size, K ≈1 the Scherrer constant, ε the internal strain; and λ = 1.54056 Å wavelength of CuKα radiation. In order to separate the two effects, a quantitative analyse can be carried out using a plot according to the Williamson-Hall method:
A plot is drawn with sinθ along the x-axis and β cosθ along the y-axis. From the linear data fit, the crystalline size was estimated from the y-intercept, and the strain ε, from the slope of the fit. In Fig. 6 shows a plot of the coercive field and Mr as a function of Fe concentration. The results reveal that the coercivity increases after going through a minimum near 30% of Fe. This low value corresponds to the minimum of Hc and remanence, and it show the minor influence of the Fe in matric. Fig.7 displays a cross-sectional HTEM image of the Cu film. As shown, the Cu film is basically formed by the stacking of grains of sizes estimated to be about 12 nm. Fig.8(a) displays a crosssectional TEM image of the Cu70Fe30 film. As shown, the CuFe film is basically amorphous with some stacking of grains size estimated to be about 4 nm. We note that the values of crystallite size decrease with an increase in the Fe concentration. Fig.7 . Cross-section HRTEM image of a Cu film.
B. Cu 100-x Fe x thin films
The crystalline structure of the deposited film was studied using the GIXRD technic. The diffraction pattern in Fig. 8 (b) shows the thin film results. The samples show a progressive shift towards the big angles of the Cu diffraction peaks; which is an indication that the solid solution is formed. The Fe atoms induce a decrease of the lattice parameter of fcc Cu phase. This indicates that there is no magnetovolumic effect and microstrain in the thin films compared to the FeCu powders. Similar results have been obtained in Ref. [8] . The hysteresis loops of magnetic film are measured by applying a magnetic field in different directions (Fig 9) , to evaluate the magnetic anisotropy. In this work, all CuFe alloy layers are ferromagnetic, but with different shapes, so as different values. We note that the samples 2,3 and 4 have a planar anisotropy, that is to say the axis of easy magnetization is in the plane of the layer. This result is clearly shown in Figures 10 (a) , it is seen that saturation is reached quickly in the parallel configuration as in the case perpendicular. The coercive field as a function of Fe concentration in Fig 10 (b) show that the coercivity increases after going through a minimum near 18% of Fe and the higher value is in the parallel configuration. 
Summary
The structural analysis of milled powder and evaporated film shows the formation of the nonequilibrium phase (FCC supersaturated nanocrystalline CuFe solid solution), with homogenous distribution of Cu and Fe, instead of two-phase as described by the equilibrium phase diagram of the Fe-Cu system. The magnetizations show a similar tendency for the mechanical alloying samples and the evaporated films. The magnetizations of the evaporated films and the mechanical alloying samples increase with increasing Fe concentration, after going through a minimum near 30% of Fe for milled powder and 18% for thin films.
